Abstract -Chemo-and stereoselective Grignard addition reactions are possible if ligand tuning is applied, as in the magnesiation of akyllithium reagents with magnesium tosylates or carboxylates. Protective groups tuning is another important instrument. Thus, N,N-dibenzylamino aldehydes react with a variety of organometallics under non-chelation conuol. The nature of the protective group is also important in reactions of a-amino aldimines and electron-poor y-aminoolefms (including peptide derivatives).
INTRODUCTION
Selectivity continues to be a major point of interest in organic synthesis. More than a decade ago we introduced the concept of titanation as a means to control "carbanion selectivity" (ref. 1). Accordingly, classical "carbanions" are transmetalated by titanating agents of the type CITiL,, thereby generating organotitanium reagents which undergo chemo-, regio-and stereoselective C-C-bond forming reactions (Grignard-type, aldol, Michael additions, substitution reactions, etc). By choosing the proper ligands L at titanium, the electronic and steric properties of the reagenL? can be adjusted ( Fig. 1) (ref. 2) . This as well as other work has led to the expressions "metal tuning" and "ligand tuning". Thus, a number of other metals have been employed in transmetalation for the purpose of controlling chemo-and stereoselectivity (ref. 6), including Imamoto's cerium reagents (ref. 7). However, the liaands have not been varied widely. Rather, particular metal salts were chosen because they happen to be commercially available or most easily accessible. This is somewhat surprising, especially in view of the fact that ligand tuning in titanium chemistry is known to be an important factor in maximizing selectivity. We have therefore recently embarked on an extensive research effort in which ligands are systematically varied for certain transmetalating agents, especially those involving magnesium, manganese, cerium and iron. Below we report on our initial experience concerning ligand tuning in Grignard addition reactions.
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Another important instrument in chemo-and stereoselective carbonyl addition reactions concerns the choice of the protective group. This has been termed protective group tuning (ref. 8) . It turns out that a protective group in a polyfunctional molecule not only protects a certain functional group, it can also dictate the sense and magnitude of diastereofacial selectivity (ref. 8.9) . We have recently developed this concept systematically in Grignard-type and aldol additions to a-amino aldehydes and a-amino imines and in Michael-type reactions of electron-poor y-aminoolefins. The results are reviewed in the second part of this article.
LIGAND EFFECTS IN GRIGNARD ADDITION REACTIONS
In Grignard addition reactions of RMgX (X = C1, Br, I) the nature of the halide generally plays no signifrcant role in stereochemically relevant situaiions (ref. 10) . In rare cases other ligands such as alkoxy or amino moieties have been tested, but the benefits have not become apparent (ref. 11) . Due to the basic nature of such ligands, side reactions initiated by undesired deprotonation may be the cause of low yields of Grignard adducts.
Our initial interest in potential ligand effects in Grignard reactions focused on the use of tosyl and carboxyl moieties, which are not expected to be basic. Although several synthetic routes to such "second generation" Grignard reagents can be envisaged, the scheme shown in Fig. 2 Upon reacting alkyl-and aryllithium compounds R'Li with M~(OSOZR)~ in ether, magnesium reagents R'MgOS02R are formed which readily add to aldehydes and ketones, the yields being comparable to those involving classical Grignard reagents (70 -95%). The real benefits of this methodology became apparent when testing the new reagents in chemo-and stereochemically relevant cases (ref. 12). For example, complete or nearly complete aldehyde-selectivity was observed in competition experiments. This behavior is quite similar to the chemoselectivity observed for organotitanium reagents. However, many of the limitations of titanium chemistry such as P-hydride elimination do not pertain to magnesium reagents! The precursors R'Li behave chemorandomly (ref. 1, 2, 5) . The corresponding classical Grignard reagents R'MgC1 deliver 2 : 1 to 3 : 1 mixtures of aldehyde and ketone adducts. It is tempting to ascribe the benefical effects of tosyl ligands to steric factors, as in the case of organotitanium reagents (ref. 2,4) . However, other factors may be involved and several questions remain unanswered: What is the role of the Schlenk equilibrium? Is the lithium salt (e. g., LiOS02R) involved in the reagent via complexation or in the carbonyl component via coordination? Are the reagents monomers or aggregates? Thus detailed discussions of the mechanism are not warranted presently.
We have also observed positive ligand effects in stereochemically relevant cases. For example, controlling Cram-selectivity in reactions of 2-phenylpropanal poses no problems (ref. 12). The results are at least as good or even better than in the case of bulky titanium reagents, e. g., CH3Ti(OPh), (ref. 4) . Again, the limitations of Ti-chemistry do not pertain to magnesium reagents. 
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Another stereochemically difficult situation relates to the addition of arylmetal reagents to cyclohexanone derivatives (axidequatorial-selectivity). This is due to the fact that in the reactions of such "flat" reagents 1,3-diequatorial interactions (axial attack) are similar in energy to torsional strain (equatorial attack Initially it was not clear whether organolithium reagents can be magnesiated using magnesium salts of carboxylic acids, since nucleophilic addition to the carbonyl functionality could occur (similar to the Gilman ketone synthesis). Indeed, treating methyllithium with the magnesium salt of vifluoroacetic acid followed by the addition of benzaldehyde did not result in any appreciable amount of the expected Grignard adduct. Fortunately, this problem arises only in the case of carboxyl groups bearing strongly electron-withdrawing moieties, because this renders the carboxylate C-atom electrophilic and therefore prone to undesired nucleophilic attack. Here again the reagents pictured above may well be an oversimplification of the actual structure. Interestingly, the pivalates are all soluble in the reaction medium (ether), a property which does not always pertain in the case of the tosylates. Therefore, future structural studies of carboxylates are likely to be easier.
Nitrogen-based ligands
A wide variety of nitrogen-based ligands can be envisaged, especially those which contain electronwithdrawing groups such as sulfonyl moieties. The latter requires the conversion of sulfone amides into the corresponding magnesium salts which can then be utilized as magnesiating agents. Initial results are promising. Moreover, we have discovered that electron-withdrawing groups at nitrogen are not necessarily required (ref. 13).
Evaluation of the initial results
The use of the "second generation" Grignard reagents of the type described here constitutes a promising approach to controlling chemo-and stereoselective C-C-bond forming reactions. Work is in progress concerning structural and mechanistic aspects. The feasibility of enantioselective reactions based on chiral carboxylates as ligands is also being studied. Moreover, it remains to be seen whether "carbanions" in general, i. e., lithiated C-H acidic compounds such as sulfones, nitriles, esters, ketones, heterocycles, etc. can be magnesiated and reacted selectively. In many of these cases the problem of simple diastereoselectivity arises. Although magnesium enolates of ketones and esters are seldomly used in stereoselective aldol additions, the presence of bulky andor chiral ligands could open up new avenues for organic synthesis. Finally, preliminary reactions of the new magnesium reagents in the presence of Cu(I) salts show that conjugate additions to a$-unsaturated ketones are possible. The initial experience gained in the area of organomagnesium chemistry shows that it is worthwhile to explore new ligand systems. We have therefore started to look for similar effects in the case of other metals, especially manganese(II), iron(I1) and cerium(1II).
PROTECTIVE GROUP T U N I N G Background
Although protective groups are generally employed for the sole purpose of preventing undesired side reactions, they can also be used to direct tne sense and magnitude of diastereofacial selectivity. We originally entered this field hoping to apply metal and ligand tuning to the above aldehydes. However, we were not able to work out general procedures for chelation or non-chelation controlled addition reactions. This is in contrast to our work on chelation controlled additions to chiral a-and p-alkoxv aldehydes, in which Lewis acidic reagents (e. g., CH3TiC1,) or Lewis acids such as TiCl,, SnC1, or MgBr, in combination with C-nucleophiles such as R,Zn, Me3SiCN, enol-and allylsilanes are used (ref.
3).
Therefore, a different strategy had to developed, namely protective group tuning. The idea was to use two protective groups, e. g., benzyl groups (ref. 20) . The corresponding N,N-dibenzylamino aldehydes are easily prepared from amino acids and can be handled at room temperature without any signs of racemization.
The crucial question regarding the utility of such aldehydes concerned the sense and magnitude of stereoselectivity of addition reactions. Upon reacting the aldehydes with Grignard and alkyllithium reagents, we experienced two surprises: Firstly, high degrees of diastereoselectivity were observed (ds >go%).
Secondly, the sense of diastereoselectivity turned out to be non-chelation controlled. Thus, although an amino group might be expected to participate in the formation of intermediate Cram-type chelates, such phenomena are not operating. Although the molecules are not "tied up", stereoselectivity is high. In other situations non-chelation control is generally difficult and not uniformly high, i. e., in reactions of organotitanium reagents of low Lewis acidity [e. g., RTi(OiPr)3] with chiral a-alkoxy aldehydes (ref. 2,3,16) .
Thus, or-N,N-dibenzylamino aldehydes behave completely differently than analogous or-benzyloxy aldehydes. The high propensity of or-N,N-dibenzyl-amino aldehydes to react in a non-chelation controlled manner is also apparent in reactions of organocerium reagents RCeC12 and cuprates R2CuLi (ref. 17, 20 Although the results are in line with the Felkin-Anh model (ref. 2 3 , they can also be accommodated by ground state arguments. The X-ray structural analysis of the aldehyde derived from phenylalanine (Fig. 3) shows that the back side of the carbonyl rc-bond is sterically shielded ( 
N-N-dibenzyl-phenylalaninal
This model predicts that stereoselectivity should decrease if the protective groups are smaller, and increase if they are larger. This is observed experimentally (ref. 17,26) . Reversing the sense of diastereoselectivity using chelating organometallics is not always efficient due to steric inhibition of chelation (ref.
17,20,23).
However, the use of small protective groups in combination with cuprates results in high levels of chelation control (ref. 17,20) .
The vinylogous forms of the aldehydes react with RLi, RMgX and RTiX, to deliver 1 : 1 mixtures of adducts. Surprisingly, cuprates in the presence of Me,SiCl/HMPA react in a 1,2-manner, stereoselectivity being >82% (ref. 27 ). This unusual remote asymmetric induction can be explained on the basis of diastereoselective n-complexation followed by a stereoselective walk to the x-terminus.
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In a related project we posed the question whether peutides incorporating a$-unsaturated carbonyl moieties can be induced to undergo stereoselective cuprate, Michael and Diels-Alder additions (ref. 3 1) .
Either terminal or internal cases can be envisaged. In both cases 1,Zasymmetric induction may be expected to be the decisive factor. However, 1,n-asymmetric induction arising from remote centers could also play a role.
As the simplest possible starting point we chose dipeptides and synthesized several L,L-and D,L-pairs. In the case of the L,L-pair the best diastereoselectivity was observed with the bulky cuprate (tBukCuLi in the presence of Me3SiCI/HMPA, but the 4 : 1 ratio of diastereomers could not be improved on. In contrast, the D,L-pair led to a single diastereomer! The results seem to be general, since other L,L-and D,L-pairs show the same pattern of selectivity. Thus, 1,5-asymmetric induction appears to be as important as 1,2-asymmetric induction. At this point we speculate that the NH-acidic positions are metalated and that some sort of folding via chelation may place the remote stereogenic center near the reactive Michael acceptor. Alternatively, a rigid stretched conformation could also explain the results. It remains to be seen how larger peptides behave in these and other intruiging C-C-bond forming reactions.
